Trends in coronary heart disease (CHD) mortality were examined among 35-44-year-old white men during [1970][1971][1972][1973][1974][1975][1976][1977][1978][1979][1980][1981][1982][1983][1984][1985][1986] [1985][1986]. The CHD mortality rate among diabetics apparently did not decline during the 17 years of the study. We conclude that primary prevention has contributed substantially to the CHD decline in the 35-44-year age group. Better diagnoses and treatment, especially of angina pectoris and of patients after a myocardial infarction, may also have been important. Control of CHD in diabetics must take high priority in further prevention strategies. (Circulation 1989;80:261-266) T he substantial decline in coronary heart disease (CHD) mortality in the United States and other countries has been documented by many studies.12 Few reports have evaluated the accuracy of the determination of causes of death, the specific contribution of sudden and nonsudden deaths, and the relation of the CHD deaths to other diseases.
T he substantial decline in coronary heart disease (CHD) mortality in the United States and other countries has been documented by many studies.12 Few reports have evaluated the accuracy of the determination of causes of death, the specific contribution of sudden and nonsudden deaths, and the relation of the CHD deaths to other diseases.
The Allegheny County Coronary Heart Disease Mortality Study has been an ongoing project since 1970, and its purpose has been to evaluate the trends in CHD mortality in white men aged 35-44 years. 3 The 35-44-year age group was selected because of 1) a high autopsy percentage and a good opportunity to evaluate the specific causes of death, 2) the likelihood that cohort changes in risk factors and death rates would be evidenced first in the younger age groups, and 3) the probability that more of the deaths would be related to the initial heart attack than to prevalent heart disease, and therefore, the incidence of sudden CHD deaths in the community over time could be measured.
Methods
We have attempted to evaluate all nontraumatic deaths that may be due to CHD. Previous studies in Allegheny County have shown that only a few deaths directly related to trauma, such as from automobile accidents, are due to a heart attack; occasionally, the death has been classified by the coroner as due to CHD, a natural death, and usually given the International Classification of Diseases (ICD) code 429.2.4 Four groups of natural deaths were therefore studied ( The population of white men aged 35-44 years in Allegheny County during the specific years of the study and the total of reviewed and validated CHD deaths are shown in Appendix Table 1A . During the 17 years of the study, the population first decreased and then grew because of the large increase in the postwar birth cohort. There was relatively little immigration and some emigration out of the county over these years.
We evaluated 1,216 deaths of which 786 (64.6%) were classified as due to CHD. Almost half (48.3%) ( Table 2 ) of the deaths had a postmortem examination, including 68.2% of the deaths certified by the coroner's office. We then classified the deaths by the best source of information on the cause of death. Five hundred seventy-four (47.2%) classifications were based on the autopsy, but in a few deaths, the autopsy reports were not available; 264 (21.7%) on review of the hospital records; 189 (15.5%) on the coroner's reports including interviews with witnesses and next of kin, and physicians; 53 (4.4%) on information from physicians only; 79 (6.5%) on the best information coming from an informant; and in only 57 (4.7%) of the deaths on information from the death certificate. There were multiple sources of information for many of the deaths.
The study physicians classified 732 (90.9%) of the 805 deaths in which CHD rubrics 410-414 or 429.2 were listed on the death certificate as due to CHD (Table 3) . Similarly, of the 786 CHD diagnoses made by the study physicians, the underlying cause on the death certificate was listed as CHD in 732 (93.1%). As noted, a previous report compared the classification system of the physician with a computerized algorithm developed for the Community Cardiovascular Surveillance Project. The two methods agreed in about 95% of the cases.5 The high degree of agreement is primarily due to the very high autopsy percentage and availability of good hospital records and detailed coroner's reports (Table 2) .
Results
The death rates due to CHD have declined substantially since 1970 (Figure 1) of-hospital deaths included those individuals who were dead on arrival at the hospital or who were moribund in the emergency room and neither attained a viable heart rhythm nor regained consciousness.
A history of heart disease was indicated on the records in 39.4% of the CHD deaths (310 of 786), excluding diagnoses of CHD identified only at the postmortem examination. The percentage of CHD deaths with a history of heart disease has also not substantially changed over time. In nearly all cases, the heart disease was most likely CHD.
The CHD deaths were next classified by suddenness (occurring within 24 hours of onset) and by history of heart disease. Most of the sudden deaths occurred within minutes or were unwitnessed, but the exact timing of death was difficult to interpret after reviewing the records. Approximately 80% (628 of the 786) were classified as probably sudden deaths. The percentage of CHD deaths that were sudden and without a history of heart disease (51.5%) has risen slightly over time (slope= +0.8%/year). 
Year of death
The trends in CHD mortality classified by suddenness and by history of heart disease (each with and without) are shown in Figure 2 . The decline has occurred in all four categories. Sudden CHD deaths with or without a history of heart disease accounted for 66% of the decline in CHD mortality. Between 1970 Between -1972 Between and 1985 Between -1986 , the percentage of CHD deaths, as classified by the study physicians, that included a history of diabetes mellitus increased from 6.5% (14 of 216) to 23% in 1985-1986 (14 of 61). Overall, 83 (10.6%) of the 786 CHD deaths had a history of diabetes. The trends in the CHD death rates were then analyzed separately for deaths with or without a history of diabetes ( Figure 3) . For deaths without a history of diabetes, 100-80-the CHD death rates have declined about 3.8/ 100,000/year, whereas for those with diabetes, there has been no change in the CHD death rates. Of the 83 CHD deaths with a history of diabetes, 54 (65%) listed CHD, codes 410-414 or 429.2, as the underlying cause of death, and 27 (33%) listed diabetes, code 250, as the underlying cause. Of these 83 CHD deaths with a history of diabetes mellitus, 19.3% also included renal failure. Nearly all of the diabetes was insulin dependent, type I, because of the relatively young age of the study participants, which was 35-44 years of age. Discussion The high autopsy percentage and availability of good hospital records in this study has further The increased percentage of CHD deaths with a history of clinical diabetes over time is probably a combined function of the higher risk of CHD among diabetics, the improved treatment of other complications such as renal failure, and the overall improvement in survival of diabetics that would result in an increase in the prevalence of young high-risk diabetics in the population. Our previous studies in Allegheny County have not documented any substantial increase in the incidence of insulindependent diabetes over time.14 A follow-up study of 548 men and women in the Pittsburgh InsulinDependent Diabetes Registry, who were initially treated at Children's Hospital of Pittsburgh between 1950 and 1964 and then followed up between 1982 and 1987 and who were 17-44 years of age in 1982, showed a substantial increase in total and in CHD mortality compared with the general population. Also, follow-up showed that 34.4% of the 32 deaths in the men were most likely due to CHD.15 There is also little evidence of improved long-term (20 or more years) survival among subjects with insulindependent diabetes in Allegheny County diagnosed between 1950-1957 and 1958-1965.16 The reasons for the substantial decline in CHD mortality have been debated since the decline was first noted. The risk of a heart attack and CHD death is a function of the extent of coronary atherosclerosis, the risk of thrombosis, the degree of reduction in left ventricular function, and the development of lethal cardiac arrhythmias. 17 It is important to note that the greatest percentage of the decline has occurred among outof-hospital deaths, sudden deaths without a history of heart disease, and incident sudden deaths. The major contribution to the decline cannot be due to either the treatment of clinical CHD especially in the hospital alone or to improved emergency medical services at the time of the event; previous studies in Pittsburgh have shown a relatively small impact of emergency medical services on total CHD mortality. '8 The substantial decline in the incidence of sudden CHD deaths is strong evidence that primary prevention of heart attacks, especially sudden deaths, may be accounting for the greatest percentage of this decline in CHD mortality in this study. Two key factors are likely to have affected the rates. First, the substantial decrease in cigarette smoking in this age group is a likely reason for at least a large part of the reduction in CHD mortality. 19 The similar recent decrease in lung cancer mortality would be consistent with this hypothesis.20 In the United States, lung cancer mortality for white men aged 35-44 years has fallen from 15.4/100,000 in 1970 to 9.4/100,000 in 1985. Second, the treatment of hypertension, especially for men with diastolic blood pressure over 95-100 mm Hg, could have affected the CHD death rates.2' Also, newer treatments of angina pectoris,22 better follow-up, and improved survival after a myocardial infarction23-25 may have contributed to the decline in CHD mortality in this study. Changes in diet, reduced saturated fat and cholesterol intake, and decline in blood cholesterol levels may be contributing to a decrease in atherosclerosis and CHD deaths. 3 The study is limited to the 35-44-year age group of white men in a community with good medical care and sophisticated diagnostic and treatment facilities. Similar studies in other communities, and especially for other race and sex groups, should be done and may yield different results. 7 The exact reasons for the decline in CHD mortality may never be completely resolved. The tremendous increase in lives saved especially among young men because of the decline in CHD is clearly a measure of the success of major research efforts in prevention and treatment of CHD. The successful methods should be applied to other national health problems as well.
